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Preparation of ε-15 N-Lys TS and U-15 N TS:
Tryptophan synthase was expressed and purified as previously described 3, 4 with the following modifications. Bacteria were grown in LB containing tryptone (10 g/L), NaCl (10 g/L), yeast extract (5 g/L), and ampicillin (50 mg/L) until the late log phase (6 hours, 37 °C) when cells were harvested and transferred to minimal media. Expression was induced through addition of isopropyl β-D-1thiogalactopyranoside (IPTG) to a final concentration of 0.2 mM in minimal media enriched with 2 g/L NH 4 Cl (unlabeled or U- 15 
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Preparation of U-15 N TS/2,2',3-13 C 3 ; 15 N-PLP:
Tryptophan synthase α 2 β 2 subunits were dissociated and reconstituted with labeled PLP as previously described 7 with attention called to the following details. Addition of potassium thiocyanate (KSCN) to a final concentration of 1 M to the enzyme solution was followed by a five minute wait at room temperature until reaction initiation. Hydroxylamine was then added to a final concentration of 10 mM, followed by five more minutes at room temperature, completing oxime formation. Dissociation was completed with dialysis against Cs-bicine, pH 7.8, containing 1 M KSCN for four hours at 4 °C. This was followed by two more dialyses against plain 50 mM Cs-bicine, pH 7.8, at 4 °C. UV-vis tests on the apoenzyme showed no activity in the presence of substrates. The holoenzyme was resolved by addition of 2,2',3-13 C 3 ; 15 N-PLP to the dialyzed protein so the final PLP concentration was three times greater than the protein concentration. This solution was incubated in a water bath at 35 °C for 10 minutes. Reassociation of the subunits was completed with addition of L-serine to a final concentration of 15 mM and allowed to sit for 10 more minutes in the warm water bath. The enzyme solution was cooled in an ice bath for 30 minutes, then dialyzed twice against 50 mM Cs-bicine, pH 7.8, at 4 °C. UV/vis activity tests performed on the reconstituted holoenzyme showed fully active enzyme with 70 % recovery of the initial concentration, and incorporation of the 2,2',3-13 C 3 ; 15 N-PLP into the enzyme was verified with both 13 C and 15 N SSNMR.
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Synthesis of 2,2',3-13 C 3 ; 15 N-PLP:
General. Chemicals and solvents were purchased from Sigma Aldrich and used without further purification. Unless otherwise noted, reactions were performed using standard synthetic organic techniques under an atmosphere of nitrogen gas. Nuclear magnetic resonance (NMR) spectra were acquired using a Varian Inova 300 MHz spectrometer. Chemical shifts (δ) are reported in parts per million (ppm) and are calibrated to the residual solvent peak. Coupling constants (J) are reported in Hz.
Purifications by column chromatography were performed using silica gel (40 -63 μm, 230 -400 mesh) and appropriate eluent. Analytical data acquired for all previously reported compounds were fully consistent with existing spectral data.
Synthesis.
Here we emphasize modifications applied to existing literature preparations. See citations for complete preparative details. Phosphorous pentoxide (4.531 g, 31.9189 mmol) was slowly added to a mixture of 2 (0.9520 g, 6.3838 mmol) in 60 mL of dichloromethane. The reaction was refluxed for 24 hours then placed in an ice bath and allowed to cool. To the cold reaction mixture was slowly added 80 mL of saturated NaHCO 3 (deactivation of P 2 O 5 ) . The aqueous portion was extracted with dichloromethane (3 x 50 mL Compound 3 (0.7485 g, 5.7088 mmol) and diethyl maleate (1.8 mL, 11.4176 mmol) were dissolved in dichloromethane. To this solution silica gel (2.7g, 1:1 m/m) was added. The solvent was removed under reduced pressure, and the impregnated silica was transferred to a Schlenk tube. The solid mixture was heated to 120 °C with stirring under an inert atmosphere of N 2 for 24 hours. The resulting product was extracted from the crude silica mixture by washing with anhydrous ethyl ether. The solvent was removed under reduced pressure, and to the concentrate was added 15 mL of 3N CH 3 OH-HCl. A superfluous amount of diethyl ether was then slowly poured down the side of the flask as to not disrupt the methanol layer. The mixture was chilled in a freezer to promote crystallization. The recovered crystals were sufficiently pure to use without further purification. Spectroscopic data were consistent with the literature. (Yield ~38%) S9 ( 15 N, 13 C) Pyridoxine HCl 11 
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Under N 2 to 120 mL of dry ether was added LiAlH 4 (0.5535 g, 17.3457 mmol) in small portions and at room temperature. Compound 4 (0.5599 g, 2.1682 mmol) was added, and the reaction was allowed to gently reflux for 12 hours. The reaction was cooled to room temperature, and, with caution, 45 mL of water was added. The resulting mixture was filtered and the filter cake washed with boiling water. CO 2 was bubbled through the filtrate for 1 hour then dried under vacuum. The resulting powder was extracted with boiling methanol, filtered, and the solvent was removed under vacuum, as before. Approximately 12 mL of 3N CH 3 OH-HCl was added to the resulting oil, and a superfluous amount of diethyl ether was slowly poured down the side of the flask as to not disrupt the methanol layer. The mixture was chilled in a freezer to promote crystallization. The recovered crystals were sufficiently pure to use without further purification, and spectroscopic data were consistent with the literature. A mixture of 85% H 3 PO 4 /P 2 O 5 (17.3 mmol and 13.3 mmol, respectively) were stirred under N 2 until the evolution of heat ceased. To the cooled mixture compound 6 (0.8650 mmol) was added, and the reaction was heated at 40 °C for 4 hours. The reaction mixture was then cooled in an ice bath; 3 mL of 0.1N HCl was added, and the mixture was then heated to 60 °C for 15 minutes. The reaction was cooled to room temperature and passed through a column of Amberlite IR-120 ion exchange resin. The desired product was eluted off with water and isolated by removing solvent under reduced pressure in a heating bath that did not exceed a temperature of 40 ˚C. The recovered solid product was used as-is and without any further purification. Spectroscopic data were consistent with the literature. (Yield ~40%) S11
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Molecular Dynamics Simulations: For the molecular dynamics simulations, the ff99sb Amber force field and general Amber force field [19] [20] [21] were applied to tryptophan synthase protein and coenzyme components respectively. The Antechamber package was used to create the topology and coordinate files for the intermediate. The protonation states for histidines, aspartates and glutamates were assigned by the MCCE program. 22 The protein systems were solvated by use of a 12 Å TIP3P 23 water box with the xleap program in the Amber10 package. The initial energy minimization for water molecules involved the sander program in Amber10. The NAMD 2.6 program 24 was then used for further minimization, equilibration and production runs. Before equilibration, the systems were gradually heated from 275 to 300 K for 20 ps. The production runs simulated 20 ns for each modeled state, and resulting trajectories were collected every 2 ps. Several representative snapshots are shown in Figure S5 . 
